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glucagon-likc peptide-1 (GLP-1), to treat non-insulin dependent diabetes mellitus, optionally with other therapies, by improving
o glycemic control while minimizing side effects, such as heart hypertrophy and elevated fed-state plasma glucose, which are associ-
ated with both TZD and GLP-1 monotherapies. Thus, the co-administration of TZD and GLP-1 helps regulate glucose homeostasis
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SYNERGISTIC USE OF THIAZOLIDINEDIONES WITH GLUCAGON-
LIKE PEPTIDE-1 AND AGONISTS THEREOF TO TREAT
METABOLIC INSTABILITY ASSOCIATED WITH NON-INSULIN

' DEPENDENT DIABETES

BACKGROUND OF THE INVENTION

The present invention relates to a combination of a thiazolidinedione (TZD),
with glﬁcagon-like peptide-1 (GLP-1) or a GLP-1 agonist, which combination possesses
desirable hormonal activity and can be used to regulate glucose homeo'staSis in patients
suffering from pon-insulin dependent diabetes mellitus (Type 1 diabetes).

, Insulin resistance is a classic feature of many human disease conditions, such
as Non-Insulm»Dependent Diabetes Mellitus (NIDDM), obesity, hypertensmn agmg, etc.
Diabetes mellitus is a disorder of carbohydrate metabolism, charactenzed by hyperglycernia
and glycosuria resulting from inadequate production or utilization of insulin. - NIDDM is a
form of diabetes where utilization of insulin is inadequate. It occurs predominantly in
adults, in whom adequate production of insulin is available for use, yet a defect exists in
insulin-mediated utilization and metabolism of glucose and peripheral tissues. For some
people with diabetes, a mutation in the gene(s) coding for insulin, for insulin receptor
and/or for insulin-mediated signal transduction factor(s) leads to ineffective insulin and/or
insulin-mediated effects, impairing the utilization or metabolism of glucose.

Diabetes melhtus often develops from certain at risk populauons it is known
that one such population is mdmduals with impaired glucose tolerance (IGT). The usual
meaning of irnpaired glucose tolerance is that it is a condition intermediate between frank,
non-insulin-dependent diabetes mellitus and normal ghicose tolerance. IGT is diagnosed by
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a procedure wherein an affected person’s postprandial glucose response is determined to be
abnormal as assessed by two-hour postprandial plasma glucose levels. In this test, a
measured amount of glucose is given to the patient and blood glucose level measured at
regular intérvals, usually every % hour for the first two hours and every hour thereafter. In
a “normal” or non-IGT individual, glucose levels rise during the first two hours io a level
less than 140 mg/dl and then drop rapidly. In an impaired individual (IGT) the blood
glucose levels are higher and the drop-off level is at a slower rate. A high percentage of
the impaired (IGT) population is known to progress to non-insulin dependent diabetes
mellitus. i

The pathophysiology of non-insulin-dependent diabetes mellitus (NIDDM)
consists of three major components, (1) peripberal insulin resistance; (2) increased hepatic
glucose production; and (3) impaired insulin secretion. Intense research has been devoted
to céch of these areas, independently, in order to determine which abnormality is primary
and which are secondary. The prevailing view is that a rational therapeutic
pharmacological approach should involve intervention in the insulin resistance to improve
glucose homeostasis. Suter ef al., Diabetes Care 15: i93-203 (1992). As a result of the
focus on individval abnormalities, several model therapies were developed to regulate
glucose homeostasis in Type II diabetic patients.

When focussing on peripherai insulin resistance, the drug of choice is a
thiazolidinedione, which is a type of insulin-sensiﬁzing agent. Troglitazone (TRG), for
example, is an orally active anti-diabetic agent of the thiazolidinedione chemical series.
This drug has been shown to reverse insulin resistance in patients with NIDDM and
impaired glucose tolerance, and can enhance insulin action in numerous genetic and
acquired rodent models of insulin resistance. The antihyperglycemic effects of TRG result
from its ability to increase insulin dependent glucose disposal and reduce hepatic glucose
production. It is believed, by enhancing insulin action, TRG treatment results in
euglycemia at a lower circulating insulin level. In this regard, studies in normal and
diabetic rodents and human chmcal trials have not revealed hypoglycemia as a complication
of thiazolidinedione therapy. On the other hand, administration of these drugs to normal or
insulin-deficient diabetic animals failed to alter plasma glucose or insulin or glucose

tolerance, although insulin sensitivity was nevertheless increased.
>
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The effects of TRG and other thiazolidinediones on glucose disposal are
thought to result from insulin sensitization, indicating an absolute requirement for insulin.
On the other hand, TRG does improve insulin sensitivity as assessed by the
hyperinsulinemic clamp. Suter et a] supra. Dose-dependent effects of thiazolidinediones
on plasma insulin and glucose tolerance have been demonstrated in mouse and rat models
other than the GK rat model.

" Inhibiting gluconeogenesis in vivo would result in a decrease in glycogen
stores. Following TRG treatment, we presumably begin with a smaller amount of glycogen
and therefore show a decrease in total hepatic glucose output. It is also possible that TRG
has a direct effect on the glycogenolitic pathway. The exact biochemical mechanism
responsible for this effect is still under investigation. Jn vivo and ex vivo data in the GK rat
further support the possibility'that the effects of this drug on liver and peripheral tissue may
be independent and different in some respects.

) Thiazolidinedione treatments are based on the assumption that if you focus
on peripheral insulin resistance, increased hepatic glucose production and impaired insulin
secretion will be alleviated in due course. Additionally, determining the optimal dose of
TZD for increasing insulin sensitivity has been a difficult undertaking. There is an
additional dilemma that, even at the optimum dose, TZD monotherapy causes heart
hypertrophy in animal models. Smits ef al., Diabetologia 38:1 16-1.21 (1995). This side
effect renders TZD monotherapy an undesirable prophylactic measure in the treatment of
Type 1I diabetes mellitus. -

The other primary approach to treating Type II diabetes mellitus focuses on
facilitating insulin secretion, using insulin secretion-potentiating agents. The endocrine .
secretions of the pancreatic islets are under complex control not only by blood-borne
metabolites (glucose, amino acids, catecholamines, etc.), but also by local paracrin
influences. The majdr pancreatic islet hormones (glucagon, insulin and somatostatin)
interact amongst their specific cell types (A, B and D cells, respectively) to modulate
secretory responses mediated by the aforementioned metabolites. Although insulin
secretion is predominantly controlled by blood levels of glucose, somatostatin inhibits
glucose-mediated insulin secretory responses. In addition to the proposed inter-islet .
paracrin regulation of insulin secretion, there is evidence to support the existence of

insulinotropic factors in the intestine. For cx}ample, glucose taken orally is a much more
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potent stimulant of insulin secretion than is a comparable amount of glucose given
intravenously.

By focussing primarily on secretion of endogenous insulin, this method relies
on the assumption that peripheral insulin resistance and increased hepatic glucose
production would be regulated by insulin secretion treatments alone. However, of equal
importance to the effective treatment of non-insulin diabetes mellitus is insulin sensitization
which is the promotion of glucose utilization by enhanéed insulin action. Increasing insulin
secretion and/or synthesis without decréasing insulin resistance has little effect on glucose
utilization. .

Attempts to address the multiple abnormalities associated with non-insulin
dependent diabetes mellitus have cglled for the co-administration of GLP-1 in cenjunction
with glibenclamide, which is a sulphonylurea. See U.S. Patent No. 5,631,224.
Sulphonylureé derivatives stimulate insulin secretion without an effect on insulin synthesis.
Sulphonylureas act by closure of ATP-dependent potassium channels and pancreatic beta-
cells. This leads to depolarization of the plasma membranes with opening of voltage-
dependent calcium channels with inflow of calcium ions. Calcium ions bind to calmodulin,
Iéading to activation of insulin exocytosis in a similar manner to that found after stimulation.
with glucose: In contrast to earlier beliefs, some sulphonylureas, such as glibenclamide,
may interact with human vascular ATP-dependent channels. This may have consequences
for vascular responses during ischaemia, which are, at least in part, mediated by ATP-
dependent potassium channels. | '

During.ischaemia in experimental animals, it has been suggested that
shortening of the action potential exerts a protection effect, thereby reducing contractility,
oxygen demand and re;percussion‘ damage. Under these circumstances sulphonylureas such
as glibenclamide may inhibit potassium channels in the ischaemic myocardium, and so
prevent the shortening of the action potential. This may result in less coronary vasodilation,
more tissue damage and more reperfusion arrhythmias. ' |

In light of heart hypertrophy, which is a side effect of TZD and increased
tissue damage resulting from sulphonylurea administration, a new approach to treating type
II diabetes mellitus is needed. The new approach should be a multi-pronged approach to
the pathophysiclogy of NIDDM, which is not limited to the treatment of only peripberal
insulin resistance, or only impaired insulin secretion. The appropriate treatment would
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ameliorate peripheral insulin resistance, increase hepatic glucose production, and facilitate
insulin secretion without heart hypertrophy and increased tissue damage.

SUMMARY OF THE INVENTION

It therefore is an object of the present invention to provide for the synergistic
use of thiazolidinediones and glucagon-like peptide-1 agonists, to treat metabolic instability
associated with non-insulin dependent diabetes mellitus.

It is another 6bjective of the present invention to provide a method for
treating non-insulin dependent diabetes mellitus.

In accomplishing these and other objectives, there has been provided, in
accordance with one aﬁpect of the present invention, a therapeutic method comprised of co-
administering a pharmacologically effective dose of an insulin secretion-potentiating agent,
such as an incretin hormone, and a thiazolidinedione, such that blood glucose levels are
decreased and insulin secretion is increased. In a preferred embodiment, the invention
includes co-administration of an effective dosage of a thiazolidinedione, such as
troglitazone, and a glucagon-like peptide-1 or a glucagon-like peptide-1 agonist, as an
insulin secretion-potentiating agent.

Thiazolidinediones can be used, in combination with agonists of glucagon-
like peptide-1, to treat non-insulin dependent diabetes mellitus, optionally with other
therapies, by improving glycemic control while minimizing side effects, such as heart
hypertrophy, tissue damage and elevated fed-state plasma glucose, which are associated
with TZD and GLP-1 monotherapies.

The invention includes a method of treating non-insulin dependent diabetes

mellitus, comprising co-administering an effective dosage of (a) an incretin hormone (b) a

. thiazolidinedione. The incretin hormone used in this method may be a glucagon-like

peptide-1 molecule, for example a GLP-1 analog. Accordingly, the invention includes this
method of treating, where the incretin hormone is an agonist selected from the group
consisting of Glucagon-Like Peptide-1(7-37)OH, Glucagon-Like Peptide-1(7-36)amide,
VAL®-GLP-1(7-37), GLY*-GLP-1(7-37), THR*-GLP-1(7-37), ME‘I"-GLP—I(7—37), and IP’.
The TZD used in the method of the invention may be selected from the group consisting of
pioglitazone, troglitazone, rosiglitazone and TZSP 300512. '
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In another embodiment, the invention includes 2 method of treating non-
insulin dependent diabetes mellitus, comprising co-administering an effective dosage of (a)
an incretin hormone (b) a Lhiazolidinedi.one, where the effective dosage of the incretin
hormone is in the range of about 20 to about 100 pg per day. In another embodiment, the
effective dosage of the TZD is in the range of about 0.1 to about 200 milligrams per day

In another émbodimént, the insulin secretion-potentiating agent and the TZD
are administered simultaneously, in a method of treating non-insulin dependent diabetes
mellitus, comprisipg co-administering an effective dosage of (a) an incretin hormone (b) 2
thiazolidinedioné. In yet another' embodiment of a m.et.hod of treating NIDDM, the incretin
hormone and the TZD are administered sequentially.

The present invcxitio_n also includes a method of treating non-insulin
dependent diabetes mellitus, comprising c'o-administering an effective dosage of (a) a
thiazolidinedione and (b) a glucagon-like peptide-1 agonist, such that blood glucose levels
are decreased and insulin secretion is increased.

The invention also includes an insulinotropic formulation comprising (a) an
incretin hormone, (b) a TZD, and (c) a pharmaceutically acceptable carrier. In another
embodiment, the incretin hormone of the inventive formulation is a glucagon-like peptide-1
molecule. In yet another embodiment, the formulation comprises an incretin hormone that
is an agonist selected from the group consisting of Glucagon—Like Peptide-1(7-37)OH,
Glucagon-Like Peptide-1(7-36)amide, VALE-GLP-1(7-37), GLY*-GLP-1(7-37), THR*-
GLP-1(7-37), METS-GLP-1(7-37), and IP”. In another embodiment, the insulinotropic
formulation of the invention comprises a TZD selected from the group consisting of
pioglitazone, troglitazone, rosiglitazone and TZD 300512.

The invention also includes a composition of matter comprising (i) 2
container suitable for holding a solution to be infused in a patient, (ii) a liquid preparation
comprising an amount of an incretin hormone in a pharmaceutically acceptable carrier such
that said preparation represents an incretin hormone dosage of between about 5 to about
200 pg per day and (iii) instructions on.infusing a patient with said preparation, said patient
suffering from non-insulin dependent diabetes mellitus, such that said patient receives an
infusion of said dosage of said preparation. In another embodiment of the invention, the
instructions in the composition furthér direct administering a therapy to said patient prior to
or concomitantly with said infusing, said therzpy targeting a.speciﬁc disease state. In one
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embodiment, the incretin hormone of the cornposition of the invention is a glucagon-like
peptide-1 molecule. In another embodiment, the incretin hormone of the composition is an
amide agonist selected from the group consisting of Glucagon-Like Peptide-1(7-37)OH,
Glucagon-Like Peptide-1(7-36)amide, VAL*-GLP-1(7-37), GLY*-GLP-1(7-37), THR*
GLP-1(7-37), MET*-GLP-1(7-37), and IP". |

In another embodiment, the invention includes a composition of matter
comprising (i) a container suitable for holding a solution to be infused in a patient, (ii) a
liquid preparation comprising an amount of an incrgtin hormone iﬂ a pharmaceutically

acceptable carrier such that said preparation represents an incretin hormone dosage of

‘between about 20 to about 200 pg per day and (iii) instructions on infusing a patient with

said preparation, said patient suffering from non-insulin dependent diabetes mellitus, such
that said patient receives an infusion of said dosage of said preparation, and (iv) a second
preparation cozhprising an amount of a TZD in a pharmaceutically acceptable carrier such
that said second preparation represents a TZD dosage of between about 0.1 to about 200
milligrams per day. In another embodiment, the second preparation is a liquid. In yet
another embodiment, the TZD in the composition is selected from the grbup consisting of
pioglitazone, troglitazone, rosiglitazone and TZD 300512.

' The invention also includes a composition of matter comprising (i) a
container suitable for holding a solutioﬂ to be infused in a patient, (ii) a liqhid preparation
comprising an amount of an incretin hormone in a pharmaceutically acceptable carrier such
that said preparation represents an incretin hormone dosage of between about 20 to about
200 pg per day and (iii) instructions on infusing a patient such that said patient’s blood

glucose level is decreased and insulin secretion is increased.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In accordance with the present invention, TZD and its pharmacologically

active derivatives can be used, in combination with GLP-1 and its agonists, to treat non-

‘insulin dependent diabetes by improving glycemic control while minimizing side effects,

such as heart hypertrophy and elevated fed-state plasma glucose, which are associated with

both TZD and GLP-1 monotherapies. This therapeutic approach can be employed with

other therapies which utilize, for example, proteins, sulphonylureas, biguanides, and/or 2-
?
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glucosidase inhibitors, to improve glycemic control and to minimize the side effects
associated with individual therapies.

Thiazolidinediones and GLP-1 agonists have undergone evaluation for
efficacy in treating type II diabetes. Thiazolidinediones have been shown, in several
insulin-resistant type II animal models, to alter carbohydrate and glucose metabolism )
favorably, ameliorating insulin resistance. In addition to increasing insulin sensitivity,
TZD also causes heart hypertrophy at optimal doses in animal models. By contrast, GLP-1
agonists, such as IP’, are anti-diabetic due 16 their glucose-dependent insulin-releasing
activity. In recent studies in type II dia_bcﬁc paii’ents,_ infusion of GLP-1 reduced post-meal
glucose excursions, reduced meal-related insulin reqﬁirements, and lowered glucagon
levels; however, increased tissue damage resulted. ’ '

As demonstrated in the present specification, the synergistic use of a TZD,
and a GLP-1 agonist, has led to favorably unexpected results. Studies were designed to
evaluate the effects of a GLP-1 agonist and a TZD, as a combination therapy, on glucose
metabolism, and on occurrence of beart hypertrophy associated with TZD monotherapy, in
diabetic rats. The data showed that the heart hypertrophy associated with TZD
monotherapy was prevented when a TZD was administered in conjunction with a2 GLP-1
agonist. The improvement was statistically significant, using a T-test. Thus, this novel
method prevented the cardiovascular effects associated with insulin-stimulating agents

Furthermore, as detailed herein, the plasma glucose levels of diabetic rats
treated with GLP-1 and TZD monotherapies increased over a 42-day treatment period. In
contrast, when a TZD and GLP-1 were.co-administered, rats showed a slight decrease in

plasma glucose levels followed by a steady-state level over the course of the 42-day

" treatment. Thus, the novel combination therapy of the present invention enhances glycemic

“control, but does not cause heart hypertrophy, in diabetic rats.

Accordingly, the co-administration of a TZD and a GLP-1 molecule should
augment regulation of glucose homeostasis in human NIDDM patients, without the side
effects associated with insulin secretion-potentiating and insulin-sensitizing agents.
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I. TERMS

The following terms are used in this application:

Co-administration - As used in this application, “co-administration” means
the administration of two or more compounds to the same patient, within a time period of
up to about three to about four hours. For example, co-administration encompasses (1)
‘simultaneous administ;ation of a first and second compound; (2) administration of a first
compound, followed by administration of a second compound about 2 hours after
administration of the first compound; and (3) administration of a first compound, followed
by administration of a second compound about 4 hours after administration of the first
compound. As described herein, the present invention encompasses co-administration of a
TZD and a GLP-1 moleculé to a patient suffering from non insulin—dependerit diabetes
mellitus. -

Insulin secretion-potenfiating agent: Any compound, which stimulates the
secretion of insulin whether the compound has an effect on insulin synthesis, or not. The
most common mechanism by which these compounds stimulate insulin is by various effects
on ATP-dependent potassium chanrels in pancreatic-beta cells. Insulin secretion-
potentiating agehts are typically sulphonylureas; non-sulphonylurea insulin secretagogues,
or incretin hormones. '

Incretin hormone: Any hormone that is released after meals and potentiates
insulin secretion during the post-prandial phase. Examples of such a hormone include GIP
(gastric inhibitory peptide), GLP—1(7—36) and GLP-1 (7-37).

Glucagon-Like Peptide-1 (GLP-1): An insulinotropic fragment of the
proglucagon molecule. Two shorter forms of GLP-1, t'hc' (7-37) and (7-36) amide;s, are
strong glucose-dependent stimulators of insulin secretion, as demonstrated in vitro and in
vivo.

Insulinotropic: The ability of a substance to stimulate or cause the
stimulation of, the synthesis, expression and/or mobilizaﬁon of the hormone insulin.

Thiazolidinedioﬁes (TZDs): A class of compounds which work by
enhancing insulin action and promoting glucose utilization in peripheral tissue.. TZDs
include compounds known in the art as “TZD derivatives.” TZDs have no effect on insulin

secretion. They apparently work by enhancing insulin action and thus promoting glucose
q
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utilization in peripheral tissues, possibly by stimulating non-oxidative glucose metabolism
in muscle, and suppressing gluconeogenesis in the liver. The chemical compounds that
comprise the Thiazolidinedione (TZD) class of compounds is exceptionally large. See, for
example, Bowen, ef al. Metabolism 40:1025 (1991); Chang, et al Diabetes 32:630 (1983);
Colca, et al. Metabolism 37:276 (1988); Diani, et al. Diabetologia 27:225 (1984); Fujita,
et al. Diabetes 32:804 (1983); Fujiwara, et al. Diabetes 37:1549 (1988). Exemplary of the
family of thiazolidinediones are troglitazone, ciglitazone, pioglitazone (see U.S. Pat. Nos.
4,687,777 and 4,287,200), englitazone, CS-045[(x)-5[4-(6-hydroxy-2,5,7,8-
tetramethylchroman-2-YL-methoxy) benzyl] -2,4-thiazolidinedione], TZD 300512, and
BRL 49653. )

Preferred TZDs of the present invention include pio glitazone, troglitazone,
rosiglitazone, and TZD 300512.

Preparation: The formulation of the active compound with encapsulating
material as a carrier providing a capsule in which the active component with or without
other carriers, is surrounded by a carrier, which is thus in association with it. This
includes tablets, powders, capsules, pills, cachets, and lozenges which can be used as solid
dosage forms suitable for oral administration.

Effective dosage: An effective dosage is the amount of a coinpoﬁnd that
prevents or ameliorates advefse conditions or symptoms of disease(s) or disorder(s) being
treated. With respect to thiazolidinediones, effective dosage means a pharinacological dose
in the range of about 0.1 mg/day to about 200 mg/day. A preferred dosage range is about |
50 mg/day to about 200 mg/day. The skilled artisan will understand and appreciate that the
effective dosagé of a given TZD will vary with the potency of the TZD. With respect to
GLP-1 molecules and other insulin-secretion potentiating agents, effective dosage is in the

* range of about 20 to about 100 pg/day. The preferred range is about 30 to about 50

ﬁg/day. The skilled artisan will understand and appreciate that the effective dosage of a
given GLP-1 molecule will depend on the potency of the particular molecule that is used.

O. GLP-1 MOLECULES

- Glucagon-like peptide-1 (GLP-1) and analogs thereof potentiate insulin

secretion, and have been suggested to have an effect on glucose utilization in peripheral
lo
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tissues. GLP-1 and analogs thereof are known in the art. See, for example, U.S. Patent
No. 5,705,483. As used in the present specification, the term "GLP-1 molecule" refers to
paturally-occurring GLP-1 (7-36)NH2, GLP-1 (7-37), natural and unnatural functional

analogs, variants, and derivatives thereof, and salts thereof. These molecules are described

" in more detail below.

The hﬁman hormone glucagon is a 20-amino acid peptide hormone produced
in the A-cells of the pancreas. The hormone belongs to a multi-gene family of structurally
related peptides that include secretion, gastric inhibitory peptide, a vasoactive intestine
peptide and glicentin. These peptides variously regulate carbohydrate metabolism,
gastrointestinal mobility and secretory processing. The principle recognized actions of
pancreatic glucagon, however, are to promote bepatic glycogenolysis and glyconeogenesis,

resulting in an elevation of blood sugar levels. In this regard, the actions of glucagon are

counter regulatory to those of insulin and may contribute to the hyperglycemia that

accompanies diabetes mellitus. Lund et al., Proc. Nail. Acad. Sci. USA 79: 345-49 (1982).

Glucagon has been found to be capable of binding to specific receptors,
which lie on the surface of insulin producing cells. Glucagon, when bound to these
receptors, stimulates the rapid synthesis of CAMP by these cells. cAMP, in turn, has been
found to sﬁmulaté insulin expression Korman et al., Diabetes 34:717-722 (1985). Insulin
acts 1o inhif)it glucagon synthesis, Ganong, Review of Medical Physiology 273 (1979).
Thus, the expression of glucagon is carefully regulated by insulin, and ultimately by the
serum glucose level.

The glucagon gene is initially translated from a 360 base pair precursor to
form the polypeptide preproglucagon, Lund er al Proc. Natl. Acad. Sci. U.S.A. 79:345-
349 (1982). This polypeptide is subsequently processed to form proglucagon. Patzlet er
al., Nature 282:260-266 (1979), demonstrated that proglucagon was subsequently cleaved
into glucagon in a second polypeptide. Subsequent work by Lund ef al., Lopez et al.,
Proc. Natl. Acad. Sci. U.S.A. 80:5485-5489-(1983), and Bell et al., Nature 302:716-718
(1983), demonstrated that the proglucagon molecule was cleaved immediately after lysine-
arginine dipeptide residues. Studies of prbglucagon produced by channel catfish (ictalurus
punctata) indicated that glucagon from this animal was also proteolytically cleaved after
advanced lysine-arginine dipeptide residues, Andrews ef al., J. Biol. Chem. 260:3910-3914

(1985), Lopez et al., Proc. Natl. Acad. Sci. U.S.A., 80:5485—5489 (1983).
. T
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Bell et al., supra, discovered that mammalian proglucagon was cleaved at

lysine-arginine or arginine-dipeptides, and demonstrated that the proglucagon molecule

_ contained three discrete and highly homologous peptide molecules which were designated

glucagon, glucagon-like peptide 1 (GLP-1) and glucagon-like peptide 2 (GLP-Z). Lopez et
al., concluded that GLP-1 was 37 amino acid residues long and that GLP-2 was 35 amino

' acid residues long. Analogous studies on the structure of rat preproglucagon revealed a

similar pattern of proteolytic cleavage between adjacent lysine-arginine or arginine-arginine
dipeptide residues, resulting in the formation of glucagon, GLP-1 and GLP-2 Heinrich et
al., Endocrinology 115:2175-2181 (1984). Human, rat, bovine and hamster sequences of
GLP-1 have been found to be identical Ghiglione et al., Diabetologia 27:599-600 (1984).

The conclusion reac_hed by Lopez, et al., regarding the size of GLP-1 was
confirmed by the work of Uttenthal et al., J. Clin. Endocrinol. Metabol. 61:472-479
(1984). Uttenthal ez al., examined the molecular forms of GLP-1 which were present in
the human pancreas. The research shows that GLP-1 and GLP-2 are present in the '
pancreas as 37 amino acid and 34 amino acid peptides, respectively.

The similarity between GLP-1 and glucagon suggested to early investigators
that GLP-1 might have biological acu'vity.' Althoﬁgh some investigators found that GLP-1
could induce rat brain cells to synthesize cAMP Hoosein et al., FEBS Lett. 178:83-86
(1984), other investigators failed to identify any physiological role for GLP-1, Lopez er al.,
supra. The failure to identify any physiological role for GLP-1 caused some investigators
to question whether GLP-1 was in fact 2 hormone and whether the relatedness between
glucagon and GLP-1 might be artifactual.

It is now known that the various disclosed forms of GLP-1 are known to
stimulate insulin secretion (insulinotropic action) and cAMP formation, see, €.g., Mojsov,
Int. J. Peptide Protein Research 40:333-343 (1992). More importantly, multiple authors

' have demonstrated the nexus between laboratory experimentation and mammalian,

particularly human, insulinotropic responses to exogenous administration of GLP-1,
particularly, GLP-1 (7-36) NHz and GLP-1 (7-37), see, e.g., Nauck e al., Diabetologia
36:741-744 (1993); Gutniak ef al., New England J. of Medicine 326 (20):1316-1322
(1992); Nauck et al., J. Clin. Invest. 91:301-307 (1993); and Thorenes ef al., Diabetes
42:1219-1225 (1993).
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GLP-1 (7-36)NHz is well known in the art, but is presented here as a
convenience to the reader: His’-Ala—Glu-Gly’“—Thr—Phe-Thr-Ser-Asp”—Vd-Ser-Scr-Tyr-
Leum-Glu-GIy-Gln—Ala—Ala”-Lys-Glu-Phe—I]e-Ala’“—Trp-Leu-Val-Lys-Gly”-Arg-NHz (SEQ
ID NO:1).

For GLP-1 (7-37), the carboxy-terminal amide functionality of Arg™ is
displaced with Gly at the 37th position of the GLP-1 (7-36)NH: molecule. In addition, the
existence and preparation of a multitude of protected, unprotected, and partially protected
natural and unnatural functional analogs and derivatives of GLP-1 (7-36)NH: and GLP-1
(7-37) molecules have been described m the art. See, for example, U.S. Pat. Nos. »
5,120,712 and 5,118,666; and Orskov, C., et al., J. Biol. Chem., 264(22):12826 (1989)
and WO 91/11457 (Buckley, D. L., et al., published August 8, 1991).

Variants of GLP-1 (7-37) and analogs thereof also bave been disclosed.
These variants and analogs include, GLN*-GLP-1 (7-37), D-GLN’-GLP-1 (7-37), acetyl
LYS’-GLP-1 (7-37), THR'-LYS'-GLP-1 (7-37), LYS"*-GLP-1 (7-37), and GLP (7-37)
OH (d/k/a IL7), and the like, and derivatives thereof including, for example, acid addiﬁon
salts, carboxylate salts, lower alkyl esters, and amides. See, for example, W091/11457.
Preferred GLP-1(7-37) analogs of the present invention include VAL®-GLP-1(7-37), GLY*-
GLP-1(7-37), THR®-GLP-1(7-37), MET*-GLP-1(7-37), and IP”. “IP’” is a GLP-1 analog
that is 4-imidazopropionyl-GLP-1 (7-37)OH. Throughout this specification, this 4-imidazo
compound is referred to as “IP’-GLP—I(7-37)_OH” or “IP”. This analog is actually
desaminohistidyl at the 7 position (amino terminus) of GLP-1(7-37)OH. This compound,
and its synthesis, is described in U.S. Patent No. 5,512,549.

II. NOVEL COMPOSITIONS OF THE INVENTION

The fundamental defects identified as causing hyperglycemia and non-insulin
dependent diabetes are impaired secretion of endogenous insulin and resistance to the
effects of insulin by muscle and liver, see Galloway, Diabetes Care 13:1209-1239 (1990).
The latter defect results in excess production of glucose by the liver. Thus, whereas a
normal individual releases glucose at the rate of approximately 2 mg/kg/mimute, in patients
with non-insulin dependent diabetes, this amount usually exceeds 2.5 mg/kg/minute,
resulting in a net excess of at least 70 grams of glucose per 24 hours. Because there exists
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an exceedingly high correlation between hepatic glucose production, fasting blood glucose

and overall metabolic control (as assessed by glycohemoglobin levels), Galloway, supra;

-and Galloway et al., Clin. Therap. 12_:460—472 (1990), it was apparent to researchers that

control of the fasting blood glucose is 2 sine qua non for achieving overall normalization of
metabolism sufficient to prevent the complication of hyperglycemia. In view of the fact
that present forms of insulin rarely norrixalize hepatic glucose production without producing
significant hyperinsulinemia and hypoglycemia, Galloway and Galloway et al., supra,
alternative approaches are needed. -

The present invention relates to the unexpected discovery that co-
administration of a TZD and a GLP-1 molecule exerts synergistic beneficial effects on
glucose levels, insulin levels, and heart weight, in diabetic mammals. As discussed herein,
“co-administﬁtion" means the administration of two or more compounas to the same
patient, within a time period of up to about three to about four hours.

Pharmaceutical formulations of the TZD and GLP-1 molecules can be
prepared according to known methods. The GLP-1 molecule and the TZD can be prepared
together or preferably in separate steps. The preferred route of administering the GLP-1

" molecule is parenteral administration. The preferred route of administering the TZD is

mucosal administration, most preferably oral administration. However, it is possible to

-administer both the GLP-1 molecﬁle and the TZD via parenteral administration. If a TZD

is administered parenterally, the skilled artisan will understand and appreciate that those
techniques described below for preparing a GLP-1 molecule can be used to prepare a
parenteral formulation of a TZD.:

A. Insuliﬁ-secretion‘potehtiating agent

. The msulm secretion-potentiating agent, such as an incretin hormone, is

combined in admixture with a pharmaceutically accept_able carrier vehicle. Suitable
vebicles and their formulation, inclusive of other human proteins, such as human serum
albumin, are described in Remington’s PHARMACEUTICAL SCIENCES, 16® ed. (1980),
for example. In order to form a pharmaceutically acceptable composition suitable for
effective administration, such compositions will contain an effective amount of an agent,
siich as a GLP-1 molecule, together with a suitable amount of carrier vehicle. |

Compositions containing.a GLP-1 molecule may be administered

intravenously, intramuscularly, subcutaneously or by pulmonary routes, such as inhalation.
A
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Dosages may be in the in the range of from about 20 to about 100 pg/day, although a lower
or higher dosage may be administered, if appropriate. A preferred dosage range for a
GLP-1 molecule is about 30 to about 50 ug/day. The required dosage may depend upon the
severity of the condition of the patient and upon such criteria as the patient’s height,
weight, sex, age, and medical history.

For the purpose of parenteral administration, compositions containing a
GLP-1 molecule are dissolved in distilled water and the pH-value is adjusted to about 6 to
8. In order to facilitate the lyophilization process resulting in a suitable product, a sugar
such as lactose could be added to the solution. The solution is then filter sterilized,
introduced into vials, and lyophilized. The concentration of the GLP-1 molecule in these
compositions may vary from 107 M to 10° M. ' |

Additional pharmaceutical methods may be employed to control the duration
of action. Controlled release preparations may be achieved by the use of polymers to
complex or absorb GLP-1 molecules. The controlled delivery may be exercised by
selecting appropriate macromolecules, such as polyesters, polyamino acids, polyvinyl
pyrrolidone, ethylenevinylacetate, methyceliulose, carboxymethylcellulose and proamine
sulfate,. and the concentration of macromoleéulés, as well as the methods of incorporation
of macromolecules, in order to control release: Another approach for controlling the
duration of action via controlled release entails incorporating GLP-1 molecules into
particles of a polymeric material, such as a polyesters, a polyamino acid, a hydrogel, a
polylactic acid, or an ethylene vinylacétate polymer. Alternatively, it is possible-to entrap a
GLP-1 molecule in microcapsules prepared, for example, by coacervation techniques or by
interfacial polymerization, for example, hydoxymethylcellulose or gelatin-microcapsules,
respectively, or in cblloidal drug delivery systems, for examplé, liposomes, albumin
microspheres, microemulsions, nanoparticles, and nanocapsules or in macroemulsions.
Such teachings are disclosed in Remington’s PHARMACEUTICAL SCIENCES, supra.

B. TZDs '

For preparing pharmaceutical compositions from a TZD, pharmaceutically
acceptable carriers can be either solid or liquid. Solid form preparations include powders,
tablets, pills, capsules, cachets, suppositories, and dispersible granules. A solid carrier can
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be one or more substances which may also act as diluents, flavoring agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material.

In powders, the carrier is a finely divided solid which is in a mixture with
the finely divided active component. In tablets, the active compoﬁent is mixed with the
carrier having the necessary binding properties in suitable proportions and compacted in the
sﬁapc and size desired. The powders and tablets preferably contain from five or ten to
about seventy percent of the active compound. Suitable carriers are magnesium carbonate,
magnesium stearate, talc, sugar, pectin, dextrin, starch, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the
like. _ )

For preparing suppositdries, a low me}ting wax, such as mixture of fatty acid
glycerides or cocoa butter, is first melted and the active component is dispersed
homogeneously therein, as by stirring. ‘The molten homogenous mixture is then poured
into convenient sized molds, allowed to coolh, and thereby to solidify.

Liquid form preparations inciudc solutions, suspensions, and emulsions, for
examp]e', water or water propylene glycol solutions. For parenteral injection liquid
preparations can be formulated in solution in aqueous polyethylene glycol solution.

Aquéous solutions suitable for oral use can be prepared by dissolving the

active component in water and adding suitable colorants, flavors, stabilizing and thickening

agents as desired. Aqueous suspensions suitable for oral use can be made by dispersing the
finely divided active component in water with viscous material, such as natural or synthetic
gums, resins, methycellulose, sodium carboxymethylcellulose, and other well-known
suspending agents. .

" Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for oral administration. Such
liquid forms include solutions, suspensions, and emulsions. These preparations may .
coritain, in addition to the active _coinponent, colorants, flavors, stabilizers, buffers,
artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the like.

The pharmaceutical preparation is preferably in unit dosage form. In such
form the preparation is subdivided into unit doses containing appropriate quantities of the
active component. The unit dosage form can be a packaged preparation, the package

containing discrete quantities of preparation, such as packeted tablets, capsules, and
ly
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powders in vials or ampoul.és. Also, the unit dosage form can be a capsule, tablet, cachet,
or lozenge itself, or it can be the appropriate number of any of these in packaged form.

The quantity of active component in a unit dose preparation may be varied or
adjusted from about 50 pg to about 100.mg, more usually from about 1 mg to about 10 mg
of the active ingredient, according to the particular application and the potency of the active
compound. The composition can, if desired, also contain other compatible therapeutic
agents, in addition to a TZD.

Dosages may be in the in the range of from about 0.1 to about 200 mg/day,
although a lower or mgher dosage may be admlmstered if appropriate. A preferred dosage
range for a TZD is about 50 to about 200 mg/day. The required dosage may depend upon
the severity of the condition of the patient anc} upon such criteria as the patient’s height,

weight, sex, age, and medical history.

C. Co-Administration

The present invention contemplates using TZD and TZD derivatives in
combination with GLP-1 agonists, to regulate glucose homeostasis in type II diabetes
patients. This therapeutic approich can be employed with other therapies, using proteins,
sulphonylureas, bignanides, and/or 2-glucosidase inhibitors, for example, to improve
glycemic control and to minimize the side effects associated with individual therapy.

More generally, the present invention will find application in the treatment of
at-risk individuals, such as those with impaired glucose tolerance, to prevent, delay or treat
the onset of NIDDM and complications arising therefrom. To these ends, compounds are

co-administered, as described above, either together or in a stepwise fashion, along with a

. pharmaceutically acceptable carriers at the initial dosage of about 0.1 to about 200 mg/day

of the TZD and about 20 to 100 pg/day of the insulin secretion-potentiating agent. A
preferred daily dosage range is about 50 to about 200 mg/day for the TZD and about 30 to
about 50 pg/day of the insulin secretion-potentiating agent. The désages may be varied,
however, depending upon the fequiremems of the patient, the severiiy of the condition
being treated, and the particular compounds employed. _

Thus, determination of the proper dosage for a particular situation is within
the skill of the art. In general, treatment is initiated with §mauer dosages which are less

than the optimum dose of the compounds. Thereafter, the dosage is increased by small
i '
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increments until the optimum effect under the circumstances is reached. For convenience,
the total daily dosage may be divided and administered in portions during the day, if
desired.

The features disclosed in the present description; éxamplcs and claims, both
separately and in combination thereof, are material for realizing this invention and diverse
forms thereof. The inventioﬁ is further illustrated by the following examples, which are

not to be construed as limiting, but merely as an illustration of some preferred features of

. the invention.

EXAMPLE 1

Synergistic Effect of a TZD Derivative and GLP-1 Molecule Co-Administration on
Heart Weight, Blood Glucose and Insulin Levels ‘

Thiazolidinediones have been shown in several insulin resistant type II
animal models to favorably alter carbohydrate and lipid metabolism, ameliorating insulin
resistance. TZD300512(TZD) is a potent thiazolidinedione. See European Patent
Application EP 0 .177 353. In addition to increasing insulin sensitivity, TZD also increases
body weight and causes heart hypertrophy at optimal doses. In contrast, GLP-1(7-37)OH is
antidiabetic due to its potent glucose-dependent insulin-releasing activitﬁ. In recent studies
in Type I diabetic patients, infusion of GLP-1 reduced both post-meal glucose excursions,

reduced meal-related insulin requirements, and lowered glucagon levels.

This study was designed to evaluate the effects of using a combination of

" sub-optimal doses of a TZD and a GLP-1 agonist on glucose metabolism and in addition, if

this combination therapy would prevent occurrence of heart hypei-trophy that is associated
with optimal doses of TZD derivatives. Eight week 'old Zucker Diabetic Fatty (Genetic
Models, Inc.) rats (ZDF) weighing about 350 grams were used in this study. Animals were
allowed free access to water, and Purina Formulab 5008 chow. TZD 300512 was
administered as 0.00006% diet admixture while IP™-GLP-1 (7-37)0H, a GLP-1 agonist,

" was infused subcutaneously at a constant rate of 0.06 ug/min via implanted Aztet pumps.

The duration of study was seven weeks, and food consumption and body weight were

monitored daily. Plasma glucose and insulin levels were measured weekly, and Glycated
- 174
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hemoglobin Alc was measured at the end of the study. Heart weights also were measured

at the end of the study.

The data frérn these studies, which is summarized in Table 1, demonstrates
enhanced glucose control in the ZDF rat with co-administration of suboptimal doses of IP’
and TZD without causing heart hypertrophy. Table 1 summarizes final rat weight, daily

food intake, plasma glucose levels, plasma insulin levels, Hbalc, and heart weight. Values

~ were rounded off to the nearest decimal point. Overall, the data in Table 1 demonstrates

enhanced glycemic control without an increase in heart size at sub-optimal doses of TZD

and GLP-1 agonist combination therapy.

Table 1 - Summary of Data

Control TZD TZD + IP’ P’
Weight(g) ~ 1414.6+82 510.7+13.5 498.4+5.8 414.7+7.9
Food Int(g/d) 37.941.7 37.3+1.4 34.3+0.9 30.4+1.2
Glucose(mg/dl) | 639.24+29 . | 330.0460.5 166.2413.3 367.5+58.0
Insulin(ng/mi) 4.61+1.2 19.7+3.4 19.94+1.5 13.0£2.9
Hbalc(%) 12.94+0.3 82+1.1 5.0+0.21 9.5+1.0
Heart wt(g) 1.240.5 1.340.5 1.2+0.01 1.24-0.03

Heart weight was not significantly increased in the TZD/IP" group,
compared to the control group, and heart weight in the TZD/IP’ group was lower than in
rats treated with TZD alone. Therefore, the heart hypertrophy associated with TZD
monotherapy was prevented when TZD was administered in conjuﬁctioh with a GLP-1
agonist. Moreover, there were none of the adverse cardiovascular effects associated with
insulin-stimulating agents. For exainple, see Smits ef al., Diabetologia 38: 116-121
(1995). | |

In contrast to the diabetic rat control, glucose levels were lowest in the
TZD/TP’ group. In particular, the fed state plasma-glucose levels of diabetic rats treated
with TZD and GLP-1 agonist monotherapy were 51.6% and 57.5% of control levels,

respectively, over a 42-day treatment period. In contrast, glucose levels in rats treated with
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TZD and GLP-1 co-administration were 26% of control levels, which demonstrates a

significant improvement in plasma glucose control. Furthermore, during these

_ experiments, a slight decrease in plasma glucose levels was observed, followed by a steady-

state level over the course of the 42-day treatment.

Finally, compared to the non-treated groups, insulin levels were preserved in
the groups treated with TZD, suggesting prevention of deterioration of beta cells with

therapy.

The present invention may be embodied in other specific forms without

departing from its spirit or its central characteristics. The described embodiments are to be

_ considered in all respects only as illustrative and not restrictive. The scope of the invention

is, therefore, indicated by the appended claims, rather than by the foregoing description.
All changes which come within the meaning and range of equivalency of the claims are to

be embraced within their scope.
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‘What is claimed is:

1. A method of treating non-insulin dependent diabetes mellitus,
comprising co-administering an effective dosage of (a) an incretin hormone (b) a

thiazolidinedione.

2. A method according to claim 1, wherein the incretin hormone is a

glucagon-like peptidé—l molecule.

3. A method according to claim 1, wherein the mcrctm hormone is an
agonist selected from the group consisting of Glucagon-lee Pepnde-l(? 37)0OH, Glucagon-
Like Peptide-1(7-36)amide, VAL!:-GLP-1(7-37), GLY*-GLP-1(7-37), THR“—GLP-1(7-37),
MET®-GLP-1(7-37), and IP".

4. A method according to claim 2, wherein the glucagon-like peptide-1
molecule is a GLP-1 analog.

5. A method according to claim 1, wherein the thiazolidinedione is
selected from the group consisting of pioglitazone, troglitazone, rosiglitazone and TZD
300512.

6. A method according to claim 1, wherein the effective dosage of the

incretin hormone is in the range of about 20 to about 100 pg per day.

7. A method according to claim 1, wherein the incretin hormone and the

TZD are administered simultaneously.

8. A method according to claim 1, wherein the incretin horinone and the
TZD are administered sequentially.
9. A method according to claim 1, wherein the effective dosage of the

TZD is in the range of about 0.1 to about 200 milligrams per day.
g
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10. A method according to claim 1, comprising co-administering a
. effective dosage of (a) a thiazolidinedione and (b) a glucagon-like peptide-1 agonist, such

that blood glucose levels are decreased and insulin secretion is increased.

11.  An insulinotropic formulation comprising () an incretin hormone, (b)

a TZD, and (c) 2 pharmaceutically acceptable carrier.

12.  An insulinotropic formulation according to claim 11, wherein the

incretin hormone is a glucagon-like peptide-1 molecule.

13.  An insulinotropic formulation according to claim 12, wherein the
incrétin hormone is an agonist selected from the group consisting of Glucagon-Like
Peptide-1(7-37)OH, Glucagon-Like Peptide-1(7-36)amide, VAL®-GLP-1(7-37), GLY*-
GLP-1(7-37), THR®-GLP-1(7-37), MET*-GLP-1(7-37), and IP’.

14.  An insulinotropic formulation according to claim 11, wherein the
TZD is selected from the group consisting of pioglitazone, troglitazone, rosiglitazone and
TZD 300512.

15. A composition of matter comprising (i) a container suitable for

" holding a solution to be infused in a patient, (ii) a liquid preparation comprising an amount

of an incretin hormone in ;1 pharmaceutically acceptable carrier such that said preparatidn

| represents an incretin hormone dosage of between about 20 to about 200 pg per day and

" (iii) instructions on infusing a patient with said preparation, said patient suffering from non-
insulin dependent diabetes mellitus, such that said patient receives an infusion of said

dosage of said preparation.

16. A composition according to claim 15, wherein said instructions
further direct administering a therapy to said patient prior to or concomitantly with said
ixifusing, said therapy targeting a specific disease state.

F¥
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17. A composition according to claim 15, wherein the incretin hormone

isa glucagoh—like peptide-1 molecule.

18. A composition according to claim 15, wherein the incretin hormone
is an agonist selected from the group consisting of Glucagon-Like Peptide-1(7-37)OH,
Glucagon-Like Peptide-1(7-36)amide, VAL'-GLP-1(7-37), GLY*-GLP-1(7-37), THR"-
GLP-1(7-37), MET®-GLP-1(7-37), and IP".

19. A composition according to claim 15, wherein said composition
further comprises a second preparation comprising an amount of a TZD in a
pharmaceutically acceptable carrier such that said second preparation represents aTZD

dosage of between about 0.1 to about 200 milligrams per day.

20. A composition according to claim 19, wherein said second

preparation is a liquid.

21. A composition according to claim 19, wherein said TZD is selected

from the group consisting of pioglitazone, troglitazone, rosiglitazone and TZD 300512.

22. A composition of matter comprising (i) a container suitable for
holding a solution to be infused in a patient, (ii) a hqmd preparation comprising an amount
of an incretin hormone in a pha'rmaceutically acceptable carrier such that said preparation
represents a incretin hormone dosage of between about 20 to about 200 pg per day and (iii)
' instructions on infusing a patient such that said patient’s blood glucose level is decreased

" and insulin secretion is increased.
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